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Abstract[] Pinus squamata is an extremely endangered pine from NE Yunnan[] China[] which was found in 
one wild population with 32 individuals. We analyzed the genetic aspects that could shed light on the conser- 
vation of this species. The genetic structure of two subpopulations was examined by using 14 random ampli- 
fied polymorphic DNA] RAPDU primers. P. squamata has an extremely low level of genetic variation with 
only 6.45% of the loci assayed being polymorphid] i.e. 6 loci out of a total of 93 loci. The Shannon Index 
O /[] and the Nei Index] AD] of the species are only 0.020 and 0.030[] respectively. Comparing the genetic 
diversity of the two subpopulations[] the subpopulation on the south-west slope was two-fold higher than that 





on the north-east slope. This may be attributed to the more divergent environment on the south-west slope 
than on that of the north-east slope. After calculating Nei’ s G, to estimate the gene differentiation[] we 


found that there was relatively little genetic diversity exist among subpopulations with a G, = 0.110. 
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Because of the lack of fossil records and historical geographical distribution data[] it was difficult to 
interpret the extremely low genetic diversity of the species[] but we assumed that P. squamata could have 
suffered from severe bottleneck effect during its evolutionary process. The gene drift and inbreeding may 
further decrease its genetic diversity in the shrinking populations. The weak competitive ability against 
broad-leaved trees and human activities may also have accelerated the decrease of genetic variation. 


Key words[] Pinus squamata[] Genetic diversity] RAPDU Conservation 


000000 Pinus squamata X. W. UFO OU 0000 eonuuuuuiiiubbtu 
DOU00000000000001920000000U0U0U0 2000000 1999 
0 80d 440000000000 000000000000 MD 0000000000 
D000000000000000000 50000000 100000000000 
DO 00000 subgen. Strobus Lemmon] OO [1 D] OOO D]. subgen. PinusO O O OO 
00000000 [O sect. Parrya Myre] O O O O O [] subsect. Balfourianae Engelm) O 
0000000000 19300 Price 0 D 19980 poo 0000080000000 
DOd000000000 00050 subsect. Gerardianae Loud. 0d OO 0. D OO U HU. D U 
00000000000000 ZhangHO O 2003000 50 DNADOODOODOOODOODOOODOD 
Dodo 00000000000 P. bungeana Zuee. Ad O O O 0 U O O P. gerardiana 
Wl.00d0000d pb 000000000000 00000000 0000000000 
DO000000000000000000000000000U0U0U0UUU0D 
DO00000000000000000000U0U0U0U0U0U0O 

D0000000000000000000U0U0U0O0UU0OUUUO Hieber & 
Hamrick[] 1983[] Mosseler [] O 19920 0 O O OU 19960 Ge O O 19980 Delgado O O 19990 0O 
0000190000020 0000000000000000 000000 
19800 DODOD ADO D OO HC] CL CL DB D] E] D E] DO. D] D. D] EL DO. DEL]. DO. D]. D. HE DE. D. 
DO00000000000000000000000U000U0U0UUUUUOU0D 
D0000000000000000000000000000U0U0U0UUU0D 
DO00000000U00U00UUUUOD 

DO000000000000000000000000U0UUD000000UUU0OU 
UBL Lu Millar & Libby 19910 Schaal 0 O 199107 0 0 0 0 O O U DNAX RAPDU O 
200 %00000000000 D. Williams O O 19900 00 RAPD D UB. U UU U EU U 
DOO0000000000000000000000RAPPOO0UUUO0UUO0UU0UO 
D00000000000000000002000D0000 RAPOO000000000 
DO00000000000000000000000U0UU0UU0UUU 


1 DUDDUDUUUUUUU 
0004000000000140000008000000000000000b0 

pDoOd0000000000000 103-0'0 0 O 265417 O O 2 000 - 2 200m0 0 0 O 

UDOD00000000000000190000000000000U0U0000000 





546 0 UU 0 0 0 250 





00000 1200~130mm0 00000 5-10000000 15a HD] D U 380 0 0 0 
O -sco00 10C00000 3166.3c0000000 160400 10C0000000 
O 89.510) DO 08 0808000000000 00000000000 136- 107 enl O O 
D0000pHDOU 6.0~6.500000000000-000 -00000-0000 
000000000 -000-00000000000D000000000000000 
D0000000000000000000000000000017000000000 
D0050000D0000000000000000000000000 

























































































































































































































































































































































































































































































































































































































































































2 00000 
21 00060 

000 OD 00D 003200000 ATAO HAD OCHA R GU 0U 0000000000 
IN AA 
2.2 OUUU 
2.2.1 O0 DNAUDD UUUUU crABDUYUUUUUUUUUUU RNAY AD DULDLULDDULU LU 
DODODODODO 260nmY 280 nml 000000 oDOU MD 0000 Ausubel O O 1950 000 0 0 
O pNAD D UD U D U PeRDL D DU B]. DNAUUUUDUU 50 ng/l 
2.2.2 PCROQ 00000 T3 thermocyclef] Biometral] Germany] HO B] | HU] | | D]. 24000000 
2 ng DNA [] [] [O 2.0 mmol/L MgCl] 0.5 pmol/L dNTP[] 10 x buffer] 2.5 ymol/LO O O Operon 0000000] 
2U Tag DNA [] D] BJ Hl | D] D] D] D]. 947€ 4 min O 000 94% 15 d] 36 45 st] 72% 90 sU 40000000 
72*CL] O 4 mint 
2.2.3 PCRUUUUU DDUU 2.0%0U 0 0 0 0 OU TAEO E] UT]. EBU UU UU Gene RulerTM 100bp DNA 
Ladder plug] MBI Fermentas O [] [] 00000000000 GelDoc20000 BIORAD DJ U ED ] B. 0 U DU U 
0000 
2.2.4 HUUUUUU ODUODOODODOO 140000 2000000000000 UOL 
UU RAPPODODOODODO i lli del 0010000 POPGENE O D UU O 000 
ODO ODO OD ODO ODO DO OD ODO DDO0D0D0D0D00 nall Observed number of al- 
lelesT] H1 B] 000000000000 nel Effective number of alleles Kimura and Crow] 19640 0 O 
UUUUUU P[] percentage of polymorphic loci[[] Shannon O O O O O O O O Z0 O Lewontin] 19720 Nei 
0193000000000 HU Nei 193000000000 6;0 BLU DEO 00000 NU estimate of 







































































gene flow from G,,[] Slatkin and Barton[] 1989[ 
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表 1 用 于 五 针 白 皮 松 遗传 多 样 性 检测 的 窒 核 背 酸 引物 的 序列 及 其 检测 的 位 点 数 
Table 1 The sequences of random oligo-nucleotide primers and the number of amplified loci 











EET 一 一 
引物 引物 序列 AR Ae Adi s 序列 条 带 数 ”多 态 带 数 ”多 态 带 比 
Primer Sequence No. of No. of 3106 Primer Sequence No. of No. of 106 

loci polymorphic P loci polymorphic P 

loci loci 

OPB-I3 TTCCCCGCT 8 1 135 OPJ-06 — TCGTTCCGCA S 0 0 
OPB-14 TCCGCTCTGG S 0 0 OPJ-14 CACCCGGATG T 0 0 
OPB-19 ACCCCCCAAG 7 0 0 OPJ-17 . ACGCCAGTTC 4 0 0 
OPC-17 TICCCCCAG 9 4 44.4 OPS-09  TCCTGGTCCC 11 0 0 
OPJ-01 CCCGGCATAA 7 0 0 OPS-18 | CTGGCGAACT 10 0 0 
OPJ-04 | CCGAACACGG 4 0 0 OPS-19  GAGTCAGCAG J 0 0 
OPJ-05 CTCCATGGGG 4 1 25.0 OPV-06  ACGCCCAGGT 7 0 0 
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图 1 引物 OPB- 14 扩 增 五 针 白 皮 松 基因 组 DNA 的 图 谱 
Fig. 1 The genomic DNA pattern of P. squamata amplified with primer OPB - 14 
M: DNA ladder (100 - 3000bp) 


表 2 五 针 白 皮 松 遗传 多 样 性 与 居 群 遗传 结构 


Table 2 The genetic diversity and genetic structure of P. squamata 





parameter na ne h I PI% H, H, Ga Nm 
半 阳 坡 亚 居 群 1.064 1.045 0.025 0.036 6.45 
subpopulation on SW slope 
半 阴 坡 亚 居 群 1.022 1.017 0.010 0.014 2.15 
subpopulation on NE slope 
五 针 白 皮 松 居 群 1.064 1.032 0.020 0.030 6.45 0.019 0.017 0.110 4.032 


x na = Observed number of alleles; ne = Effective number of alleles [ Kimura and Crow (1964) ]; h = Nei’ s (1973) gene diversity; 
I= Shannon? s Information index (Lewontin, 1972); P = The percentage of polymorphic loci; Nm = estimate of gene flow from Gy, 
(Slatkin and Barton, 1989) 


3.3 遗传 多 样 性 与 居 群 遗传 结构 

3.3.1 遗传 多 样 性 ”表征 五 针 白 皮 松 居 群 结构 与 遗传 多 样 性 的 一 些 指标 如 表 2 所 示 ， 所 
有 表征 遗传 多 样 性 的 指标 均 表 明 五 针 白 皮 松 极 低 的 遗传 多 样 性 。 在 整个 五 针 白 皮 松 居 群 内 ， 
平均 每 个 位 点 的 等 位 基因 的 有 效 数 目 we 、 多 态 位 点 百分率 P, Shannon 表 型 多 样 性 指数 Al 
Nei 的 基因 多 样 性 指数 h 分 别 为 1.03、6.45%、0.030 和 0.020。 不 过 半 阳 坡 亚 居 群 的 遗传 变 
异 水 平 明 显 高 于 半 阴 坡 亚 居 群 ， 半 阳 坡 的 P、7 和 值 均 大 于 或 等 于 2 倍 半 阴 坡 的 值 。 
3.3.2 JEREZ ”整个 五 针 白 皮 松 的 遗传 变异 量 H, 为 0.019， 其 中 亚 居 群 内 遗传 变 





548 0 UU 0 0 0 250 





OO A00.10 0000000000000 00000000000000000 
pod0 0000000000 0000000 0.10000000000000 N, 
0 4.020 00000040000 000000000 


4 DO000 
DO0000000000000000U00U000U000U0D0UUUUUD 
DDO00000U0000000000U0U0U0DUD Hamrick & God 199000 0 O U 
(] 20010 0 0 OO Pinus koraiensis] DODOD OO RAPDD D] B. BH U DO D. DB. DI Do U 
577%00000000 Ni OO 20 0.260 D 00 0 0 0 O Shannon O ZO 0.9710 
DODODODO DDD OD 0000000000000 0056 0.1700 Delgado O 
O 1990 00000000000 0000000000000 P. redowskii O OO UU U 
00000000 46.8%0000000000000000000 AU =¢,00 
0.2700000200000000000U0 P. yunnanensis UU D U B UU D D U DI LI 
0od00000000 PO 69.420 0000000000 00000000000 
DODdO0D00000000 000000 Szmidt O O 1996] Khasa €: Dancik 199600 O 
DODO DO DO DD O 00000000 0000001400000 00 600000 
000000000000000000 PO 64%0 0000000000 Shannon 
DO 70 0.0300Ne OO AD 0.0200 D] 000000 P.redowskii 0000000000 
pod 00d 000000000006 Cathaya argyrophylla) O O O O Metasequoia glyp- 
tostroboidesl] DD RAPD[] [] ODO DO B] B. DO UO 0000000 19960 0 D D. U D] 1999111 
OU MosselerO O 1920 D] D] D. D] D] U D. U. D. U D]. P. resinosat] D] U B. D. U U D. DU. U (I. 69 
uj RAPPODO DO DO O OD BD OOO DD OOO DDD 000000000000 
O ISSR[] inter-simple sequence repeat[] [] 0 U 0 0 U 
DDOD0O00000000000000000UUUUDUUUUUDUDUU bottle ef- 
fee(H DO ODO ODO DO ODO DO OD DDD ODO DO 0D 0000000000 
DODODO DO DDD OD OD ODO DDD OD DD ODO 00000000000 
pog0000000000000000 Zhang 0 200M 000000000000 
DDO000000000000000000U0000000U00UDUDUUDMUO 
DDOO000000000000000000000U0D000U000UD00UUUUOO 
DO000000000000000000000U0UD000U000UD00UUUUOO 
DO00000UU00U000U0O0UUDUD extinction vortices 000000000 
DDO000000000000000000000UD000U000UD00UUUUO 
DOU0D0U0000U0000203000000000U00000U0000000U00 
DODO00U00000000U00 10U00000000000000U000UUUU0O 
DOU0UD000UD000UUUUUDO 
DDD0O000000000000000000U00000U0000UUUUOUUO 
DDO000000000000000000000U0D000UU00U0U000UUUO0O 





50 0000000000040 0000000 D0DoD 549 





DODO 00000000 000000000 000000000 000000000 
000-0004 000.0:00-4:000000040 000-000 E DE EDU HE EEETLEE 
UUUOO0O0O0003199%0O0O0OO0O0O0000000000000000000000 
UUUUOOOOO0O00D0D0 

UUOOO0OUUU0O0O000000000000000000000000c. = 
0.10000000000000 6.00 0.150 redis] 19980 00000000000 
DODBO DD OD DO DO DD 0000000 00000000 0000000000 
DOBO 00000000 000000000 0000000000 00000000 
DO OD 0D0000 0D 0 0 0000000 0000000000 000000000 
DOBO 0000000000000 


5 op 0000050 

DODBO DO OD DD OO DO DO OO DO DO DO DO 00000000000 
DODBO DO DO DD OOO DD ODO DD OOO DDD 0000000000000 
DOBDO DO DO DDD OD OD ODO DD 00000000000 00000 20034 
DODBO DO DO DDD OD DD ODO DD OOO DDD 0000000000000 
DDO000000000000000000000UD000U0D000UDU0D0UUUUOO 
DODBO DO OO DB ODO DD ODO DDD OOO DD 0000000000000 
DOO00000U0000000000000000000UU0000U000UUU0OUO 
DOO000000000000000000000U0UUDD0UUUUUUDD Mv 
minimum viable population] O O O O Franklin] 19800UO0OO0000000000000 
0000 so000 000000000 0000000200 0000000000 
DODBODdO DO DD OOO DD ODO DD DD O DDD 0000000000000 
DOBO0DdO0DO0 DD 000 MOD 0D0 0000000 0000000000000 
DODO DO DO DDD OD DD OOO DD OOO DD ODO DD 000000000 
DO000000000000000000000UD000U000UD00UUUUOO 
DODBODO0O0 DDD OO DD ODO DD 000000000 





DU 0000000000000 DUDO DO DO DO DO Dd ODO do oodooodoo 
0000 























00 B0 YU DD 


0000000000020. 000000000000000M0 00000000 
Ausubel FM[] Brent RD Kingston RE[] et all] eds. 1995. Short Protocols in Molecular Biology. 3th edU MQ. Indianapolis[] John 
Wiley & Sons[] Inc 
Delgado PL Piñero DD Chaos AU et al[] 1999. High population differentiation and genetic variation in the endangered Mexican pine Pi- 
nus rzedowskif] Pinaceae[T] JU. Amer J Bot[] 860 50 669—676 
Deng LO O O 0 (TI Eu SO O O U Ol Fan cH U D 0 [T]. e all] 1995. Some community characteristics of Pinus squamata JO. 
J Trop & Subtrop Bol] OO OOO 0 00 0 00 30 400 76—78 





550 0 UU 0 0 0 250 





Franklin IR[] 1980. Evolutionary change in small populations] A[]. In ME Soulé and BA Wilcox] eds.[[] Conservation biology[] An 
Evolutionary-ecological Perspective] M[]. Sunderland[] MA[] Sinauer Associates] 135—149 
Ge SU Hong DYU Wang HQU et al 1998. Population genetic structure and conservation of an endangered conifer] Cathaya argyro- 
phylld] Pinaceae[T] JO. Int J Plant Sci[] 1590 20] 351—357 
Hamrick JL] Godt MJW[] 1990. Allozyme diversity in plant species AD. In[] Brown AHD[] Clegg MTO Kahler AL et al ed[] Plant 
Population Genetics[] Breeding and Genetic Resources[] M[]. Sunderland] MA[] Sinauer Associates] 43—63 
Hiebert RD[] Harmrick JU] 1983. Patterns and levels of genetic variation in Great Basin bristlecone pine Pinus longaeva[] JU. Evolu- 
tion[] 370 302—310 
Khasa PD[] Dancik BP[] 1996. Rapid identification of white-Engelmann species by RAPD markers[] JL]. Theor Appl genet] 921] 46—52 
Kimura M[] Crow JF[] 1964. The number of alleles that can be maintained in a finite population[] JO. Genetics[] 49[] 725—738 
Ledig FI[] 1998. Genetic variation in Pinus A[]. In DM Richardsod] ed.[T] Ecology and Biogeography of Pinus[] MU]. Cambridge] 
Cambridge University Press[] 251—280 
Lewontin RC[] 1972. Apportionment of human diversity] JO. Evol Biol 6[] 381—398 
Li CXO 00 O UD. Yang QUI O E El Zhou JPO O O O CT]. e alll 1999. RAPD analysis of genetic diversity in the natural population 
of Metasequoia glyptostrocoides[] central Chinal] J[]. Acta Sci Nat Univ Sunyatseni OO 80 080: 0000000 380 100 
59—63 
Li XPO 0 O 0 [T] Zhu ZDO O O O [T]. 1993. Studies on constituents of fatty acids from seed oils of Pinus bungeana and its taxonomic 
position] JO. J Nanjing For Uni] D O O 000000 170 27—34 
Li XWO O O O [T] 1992. A new series and a new species of Pinus from Yunnan[] JO. Acta Bot Yunnan O O O O 0 U [I] 14 
0 300 258—260 
Millar CIO] Libby WJ[] 1991. Strategies for conserving clinal[] ecotypic and disjunct population diversity in widespread species[] A[]. In 
DA Falk[] KE Holsinger eds[] Genetics and Conservation of Rare Plants[] MO. New York[] Oxford University Press[] 149—170 
Mosseler AU Egger KNU Hughes GAO] 1992[] Low levels of genetic diversity in red pine confirmed by random amplified polymorphic 
DNA markers[] JU. Can J For Res[] 22[] 1332—1337 
Nei MO 1973. Analysis of gene diversity in subdivided populations[] J[]. Proc Nat Acad Sci USA[] 10[] 3321— 3323 
Price RA[] Liston AU Strauss SHU 1998. Phylogeny and systematics of Pinus AL. In D. M. Richardson ed[] Ecology and Biogeog- 
raphy of Pinus M[]. Cambridgel] Cambridge Univ. Press] 49—68 
Schaal BA[] Leverich WJD Rogstad SH[] 1991. Comparison of methods for assessing genetic variation in plant conservation biology[] A[]. 
In DA Falk[] KE Holsinger eds[] Genetics and conservation of rare plants. New York[] Oxford University Press[] 123—134 
Slatkin MU Borton NH[] 1989. A comparison of three indirect methods for estimating average levels of gene flow] JO. Evolution] 850 
733—152 
Szmidt AEL] Wang XRO Lu MZ[] 1996. Empirical assessment of allozyme and RAPD variation in Pinus sylvestris L. using haploid tissue 
analysis] JU. Heredity[] 760 412—420 
Wang XQD O O O CI] Zhou YPO E O O OO Zhang DMO O O O [T]. et al 1996. Genetic diversity analysis by RAPD in Cathaya 
argyrophylla Chun et Kuang{] JU. Sci China[] Ser. COO O 0 0 0: CU Ol 260 436—441 
Williams JGK[] Kubelik AR[] Livak KJ[] et all] 1990. DNA polymorphisms amplified by arbitrary primers are useful as genetic markers 
O JO. Nucl Acids ResU 181] 6531—6535 
Xia MO O O LI] Zhou XFO O E 0 O0 Zhao SDO O O O O0 2001. Rapd analysis on genetic diversity of natural populations of Pinus 
koraiensis[] JL]. Acta Ecol SinQ O O O O LL] 210 730—737 
Yu H 0 0 CD Ge 9 0 0 [T]. Huang RE] O O O CT]. ez all 2000. A preliminary study on genetic variation and relationships of Pi- 
nus yunnanensis and its closedly related species[] JO. Acta Bot Sin O O O O 00 420 100 107—110 
Zhang ZYD O 0 O CO Li DZO O O O CT] 2003. An analysis of interspecific associations of Pinus squamata with other dominant woody 
species in community succession[] J[]. Biodivers Sci] 0 O O O O CT]. 110 125—131 
Zhang ZY[] Yang JBL] Li DZ[] 2003. Phylogenetic relationship of the extremely endangered species[] Pinus squamatal] Pinaceael] inferred 
from four sequences of the chloroplast genome and ITS of the nuclear genome[] JH. Acta Bot Sin O O O O LT] 450 530—535 











